The two inositol phosphate-binding proteins, the Ins(1,4,5)P3 (InsP3) and Ins(1,3,4,5)P4 (InsP4) receptors, and the two particulate InsP3-metabolizing enzymes, InsP3 5-phosphatase and InsP3 3-kinase, were solubilized with detergent from rat cerebellar membranes. These four activities are shown to be distinct molecular species by separation using a variety of protein chromatographic steps. The pharmacology of the partially purified InsP4-binding site indicates that the binding has a high affinity and selectivity for InsP4 over InsP3. These results suggest the existence of a distinct specific InsP4-binding protein which may represent the receptor for this putative second messenger.
INTRODUCTION
Receptor-mediated activation of inositol lipid hydrolysis in the plasma membrane by phospholipase C is generally recognized as a signal for Ca2+ mobilization in many cells. One product of the hydrolysis, Ins(1,4,5)P3 (hereafter InsP3) is a modulator of Ca2+ levels within the cell (for reviews see [1, 2] ). InsP3 releases intracellular Ca2+ after binding to specific intracellular membrane-associated receptors, which have been identified in a wide variety of tissues [3] [4] [5] [6] [7] [8] [9] [10] [11] . Recently this receptor was purified to homogeneity from brain tissue [12] . The purified InsP3-binding protein appears to differ from any known inositol phosphaterelated enzyme. Its direct functional association with Ca2+ release has recently been shown in our laboratory by reconstitution of the protein into lipid vesicles and stimulation of Ca2+ flux selectively by InsP3 [13] .
Termination of the InsP3 effect on Ca2+ mobilization can occur by two routes. InsP3 5-phosphatase converts InsP3 into Ins(1,4)P2 [14] [15] [16] [17] [18] [19] [20] [21] [22] , which does not appear to affect Ca2+ levels. The second route ofmetabolism is by an InsP3 3-kinase, which phosphorylates Ins(1,4,5)P3 to Ins(1,3,4,5)P4 (hereafter InsP4). InsP3 3-kinase has been described in several tissues [23] [24] [25] [26] [27] [28] [29] , including brain, from which a soluble InsP3 kinase has been purified [28] . The product of the 3-kinase enzyme, InsP4, has been implicated as a second messenger in several systems [30] [31] [32] [33] [34] . Proposed roles of InsP4 include the modulation of intracellular Ca2+ through re-uptake, sequestration or other modes of regulation of the InsP3-sensitive Ca2+ pool. InsP4 binding has been demonstrated in brain [35] [36] , HL 60 cells [37] and adrenal cortex [38] . This InsP4-binding site has not yet been shown to be distinct from metabolic enzymes or other inositol phosphate-binding proteins. To Preparation of membranes, cytoplasmic fractions and membrane solubilization The membranes and cytoplasmic fractions were prepared as described previously [12] , with the following modifications. Cerebella from ten male Sprague-Dawley rats (200-300 g) were homogenized (Polytron setting 6, 10 s) at 4°C in 100 ml of 50 mM-Tris/HCI, pH 7.7, containing 1 mM-EDTA, I mM-,fmercaptoethanol, 10 mg of phenylmethanesulphonyl fluoride, 75 ,ug of chymostatin and 80 4ug of pepstatin. Homogenates were centrifuged (5 min; 45000 g) and the supernatant was kept.
Pellets were resuspended in 100 ml of homogenization buffer containing 150 mM-NaCI and centrifuged (15 min; 45000 g). The membrane pellets were resuspended in 100 ml of homogenization buffer. The first and second supernatants were pooled, centrifuged (40 min; 100000 g), and supernatants were kept for binding and enzyme assays. Membrane proteins were solubilized by adding CHAPS (final concn. 1 %) to resuspended membranes, stirring gently for 1 h, then centrifuging (45 min; 45000 g). All procedures were done at 4°C, with I ml samples taken at each step for assay.
InsP3 kinase and InsP3 phosphatase InsP3 kinase was measured by incubating [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Binding to cytoplasmic or detergent-solubilized fractions was assayed by spun-column chromatography [12] . Separation of enzyme activity NaCl (final concn. 250 mM) was added to solubilized protein supernatants to which washed heparin-agarose (7.5 ml packed vol.) was added, incubated for 1 h on a rotator, poured into a column, and non-adherent proteins were collected. The column was washed with 100 ml of homogenization buffer containing 1 % CHAPS and 250 mM-NaCl, then eluted with 15 ml of homogenization buffer containing 10% CHAPS and 750 mmNaCl (elution buffer). The eluate was collected, the resin washed with an additional 8 ml of elution buffer, and the two eluates were pooled.
The 750 mM-NaCl heparin eluate was adjusted to 1 mM-MgCl2 and 1 mM-CaCI2, incubated with 3 ml of packed Con ASepharose for 1 h on a rotator, poured through a column, and non-adherent proteins were collected. The column was washed with 20 ml of homogenization buffer containing 1 % CHAPS, 750 mM-NaCl, 1 mm-MgCl2 and I mm-CaCl2. The resin was eluted with 10 ml of homogenization buffer containing 1 % CHAPS, 2 mM-EDTA and 1 M-a-methyl mannoside for at least The column was washed with 10-20 ml of the load buffer and eluted for 2 h with 15 ml of 25 mM-Tris/HCI (pH 7.2)/1 mMmagnesium acetate/200 mM-KCl/ 1.0 mM-EGTA in 0.1 00 Triton X-100. All procedures were done at 4 0C, and 1 ml samples were taken at each step for assay.
RESULTS
Regional distribution of membrane-associated InsP3 kinase and InsP3 phosphatase We have shown previously that InsP3 receptor binding in rat brain is considerably enriched in the cerebellum [7, 8] . In contrast, InsP4 binding to membranes displays similar levels in the cerebellum, hippocampus and corpus striatum, somewhat lower levels in the midbrain and lowest levels in the brain stem and cerebral cortex [35] . In the present study we have determined the regional distributions of membrane-associated InsP3 3-kinase and InsP3 5-phosphatase activities (Table 1) . Particulate InsP3 phosphatase activity showed regional variations, with the highest levels in the cerebellum, almost triple that of the other regions; the midbrain, brain stem, corpus striatum, cerebral cortex and hippocampus displayed one-third or slightly less than one-third of the cerebellar levels. The soluble phosphatase, whose activity was much lower than that of the particulate enzyme (Table 2) , showed a similar regional distribution, with highest levels in the cerebellum (results not shown).
Membrane-associated InsP3 kinase activity displayed a different regional pattern from phosphatase activity, with highest levels in the hippocampus and corpus striatum, areas which had lower levels of InsP3 phosphatase. Cerebellum activity was 84.2 % of hippocampal levels; midbrain displayed levels only 15.3 % of those of hippocampus, and activity was lowest in the brain stem. The soluble kinase, whose specific activity was about 3 times that of the particulate enzyme ( 10 ,ug of calmodulin/ml. However, the stimulation and interaction of the soluble InsP, kinase with calmodulin has been documented in several systems and used as a purification step [28] . Over 90 % of the added detergent-solubilized InsP, kinase activity adhered to a calmodulin affinity column in the presence of Ca2+, and approx. 500% could be eluted from the resin by EGTA. In contrast, most of the InsP4-binding activity did not adhere to the calmodulin column; ofthe activity recovered, 90 % was recovered in the flow-through and only 10 % was recovered in the eluate and so could be resolved from the InsP3 kinase.
Inositol phosphate specificity of partially purified InsP, and InsP4 receptor proteins In our characterization of membrane-associated InsP4 binding [35] Vol. 267 Table 3 . Resolution of detergent-solubilized InsP3 phosphatase, InsP3 kinase, InsP3-binding and InsP4-binding activities from rat cerebelum Enzyme and binding assays were performed as described in Table 2 legend and the Materials and methods section. Protein recovery was as follows: CHAPS-solubilized 65 mg, heparin-agarose flow-through 50 mg, heparin-agarose eluate 6 mg, Con A-Sepharose flow-through 2.5 mg, Con A-Sepharose eluate 0.4 mg, calmodulin-agarose flow-through 1 
